A contractile propertiy of phenylephrine (PE
Introduction
It has been found that a muscle contraction is proceeded by elevating a cytosolic Ca2+ ([Ca2+] 1) level which were measured using a fluorescent indicator, fura 2 in various kinds of smooth muscles. In rat vascular smooth muscle, an application of high K+or receptor agonist K.SHimizu et al. induced sustained increments in muscle tension and [Ca2+] 1 (Ozaki et al., 1987; Sato et al., 1988; Thorin-Threscases et al., 1990) , but receptor agonists induced a greater contraction than high K+for a given increase in [Ca2+] 1 and it was indicated that the dissociation of the increase in [Ca2+] 1 and muscle tension Sato et al., 1988; Takayanagi, I. and Onozaka, S. 1989) . It has been reported that the stimulation of cri receptor which mediates GTP binding protein activates phospholipase C and results in the generation of two second messengers, inositol 1, 4, 5-triphosphate and diacylglycerol, which affect the contractile proces ses of vascular smooth muscle (Karaki and Weiss, 1988; Kitazawa et al., 1989) .
On the other hand, rat anococcygeus muscle was picked up as experimental preparation by Gillespie (1972) and it is known that this muscle is consists of a thin sheet of parallel smooth muscle fibers and dose not show a muscle tonus and spontaneous contractions but contractions induced by both adrenergic and cholinergic agonists (Gillespie, 1972; Gillespie and Lullmann Rauch, 1974; Gillespie, 1980) . As rat aorta is not affected by cholinergic agonists, it can be said that the pharmacological characteristic of anococcygeus muscle is different from that of aorta.
For al agonists, norepinephrine and phenylephrine (PE), induced contractions in the anococcygeus muscle and aorta, and the sensitivity of anococcygeus muscle to norepinephrine was lower than that of aorta, but those of both muscles to PE were almost similar (Shimizu et al., 1992) .
In this study, the effects of PE on contractility were compared between aorta and anococ cygeus muscle of rat by measuring changes in muscle contraction and [Ca2+] 1 level in intact smooth muscles and in muscle tension of permeabilized muscle preparations.
Materials and methods

Preparations
Male rats (Wistar strain; 250-300g) were killed by a blow on the head and bled to death.
After exsanguination, the thorax and abdomen were opened, the thoracic aorta and anococ cygeus muscle were removed. The preparation of anococcygeus muscle which was made by the Gillespie's method (1972) was 10mm in length and 5mm in width. The thoracic aorta was cut into a spiral and endothelium was removed by gently rubbing the intimal surface with moistened cotton.
Simultaneous measurement of muscle tension and [Ca2+] 1 level As described previously (Ozaki et al., 1987) , muscle strips were treated with fura 2/AM (5 for 3 to 4h at room temperature. The non-cytotoxic detergent, cremophor EL (0.02%), was also added to increase the solubility of fura 2/ANI. The muscle strip was hold horizontally in 8 ml volume organ bath with the physiological salt solution (PSS). One end of the muscle strip was bound with silk thread to monitor the mechanical activity, and the other end of the muscle is pinned on the bottom of the organ bath. The muscle strip was alternately excited at 340nm and 380nm lights through the rotating filter wheel, and 500nm emission was measured with a fluorimeter (CAF-100, Japan Spectroscopic CO., Ltd., Tokyo, Japan solution (Iso-K+) induced dose-dependent increases in muscle tension and [Ca2+] 1 level in aorta. These correlations were positive and showed y=1.7x-31.2 (r=0.99) in the PE-treatment and y=1.2x-34.7 (r=0.97) in the Iso-K+one, respectively (Fig. 3) . A cumulative application of PE or Iso-K+to anococcygeus muscle also induced a dose dependent increases in [Ca2+] 1 level and muscle tension. The correlations in the PE or Iso -K+-treatment in anococcygeus muscle were positive as similar to that in aorta and showed y= 1.4x-29.5 (r=0.98) and y=1.2x-25.8 (r=0.98), respectively (Fig. 3) . Comparing the relation ships between [Ca2+] 1 level and muscle tension in the PE and high K+-treatments, PE induced a larger contraction than high K+at a given [Ca2+] , in the aorta. The difference of regression slopes in the relationship between [Ca2+] 1 level and muscle tension under PE and high K+ treatments in aorta was significant, but that in anococcygeus muscle is not (Fig. 3) . These results indicate that there is a difference between Ca2+sensitivity to PE and high K+only in the aorta. 
Discussion
Muscle tension has been simultaneously measured with [Ca2+] 1 level using the fura 2 method in vascular smooth muscle of rat. The measurement has revealed that sustained contractions induced by high K+and receptor agonists are due to an elevation of [Ca2+] 1 level from resting one (Ozaki et al., 1987; Sato et al., 1988; Sakata et al., 1989; Ozaki et al., 1990 Thorin-Threscases at al., 1990; Mitsui et al., 1993) . High K+and agonists induced a concen tration-dependent increase in both the [Ca2+] 1 level and muscle tension in aorta, with a good correlation between these two parameters. The [Ca2+] 1-tension relationship in the presence of high K+or agonist evidenced that agonists induced a greater tension at the same amount of
[Ca2+] 1 than high K+ Sato et al., 1988; Karaki, 1989) . In the present experiment, the relationship between [Ca2+] 1 and muscle tension in aotra and anococcygeus muscle by applying high K+or PE indicated a positive correlation. PE induced a larger contraction than high K+at a given [Ca2+] 1 in the aorta. Moreover, a difference of regression slopes in the relationships between [Ca2+] 1 level and muscle tension under PE and high K+ treatments in aorta were significant. The result suggests that a Ca2+sensitization of contrac tile element to PE seen in aorta, but not in anococcygeus muscle.
It was reported that Ca2+blockers such as verapamil or nicardipine decreased [Ca2+] 1 to a resting level from one elevated by norepinephrine in rat aorta, though the blockers partially decreased the developed tension by the agonist. When an extracellular Ca2+was removed by the sequential treatment with EGTA, the [Ca2+] 1 level decreased below the resting one, but the contractile tension still remained at a certain level (Ozaki et al., 1990) . As described before, effects of the Ca2+antagonists and EGTA on the PE-induced contraction in aorta was similar to those on the norepinephrine-induced contraction. However, in the anococcygeus muscle precontracted by PE, the verapamil-treatment decreased together the elevated [Ca2+] 1 level and developed tension to about 40% of control. And EGTA decreased [Ca2+] 1 below the resting level, and returned the muscle tension to the resting level. Therefore, anococcygeus muscle did not show the partial residue of the developed tension at the resting level of [Ca2+] 1 as aorta did. On the other hand, verapamil decreased the elevated [Ca2+] 1 level and developed tension by high K+almost to the resting level in both the aorta and anococcygeus muscle. The results suggest that a contraction induced by PE or high K+is mainly due to Ca2+influx in both the muscles. Moreover, the PE-induced contraction seems to be involved with other two factors, one is an enhancement of Ca2+sensitivity to PE and another is a contractile mechanism which is independent of Ca2+. The latter has been reported in the NE-induced contraction of rat aorta (Karaki, 1990) . These two factors may less participate to anococcygeus muscle than aorta. Furthermore, the decline in [Ca2+] i level by EGTA was more sharp and deeper in aorta than in anococcygeus muscle. This result suggests that aorta shows a larger difference between the zero level of [Ca2+] 1 and the resting level of [Ca21 i, which means a larger retained amount of [Ca2+] 1 than anococcygeus muscle.
In a Ca2+-free medium, PE induced a rapidly transient increase in [Ca2+] 1 level in aorta, then reduced it below the resting one. PE also elicited a large transient contractions followed by small sustained one in aorta. Application of high K+did not cause any change in either
[Ca2+] 1 level or muscle tension in aorta soaked in Ca2+-free medium. On the other hand, there was an extremely small increase in both the parameters when anococcygeus muscles were treated with PE, indicating a quitely different result from that of the aorta. As sarcoplasmic reticulum (SR) in anococcygeus muscle was reported to be morphologically underdeveloped one (Gillespie and Lullmann-Rauch, 1974) , there would be less Ca2+release from the SR when the muscle is treated with PE in Ca2+-free medium. Moreover, an application of verapamil to the precontracted aorta by high K+decreased [Ca2+] 1 level and muscle tension, then the sequential addition of EGTA remarkably induced a transient increase in both of [Ca2+] 1 level and muscle tension before showing the sharp decline of [Ca2+] 1 level. On the other hand, in anococcygeus muscle, EGTA decreased the [Ca2+] 1 level and muscle tension without transiently increased changes. This finding also supports that SR in anococcygeus muscle is underdeveloped one. From these results, it is suggested that the contraction by PE in rat anococcygeus muscle are mainly dependent on Ca2+influx and less dependent on Ca2+release from intracellular storage. DPB, a phorbol ester that activates protein kinase C, produced a large contraction and significant increase in [Ca2+] 1 level and the DPB-induced contraction is insensitive to EGTA in Ca2+-free medium (Karaki et al., 1991) . However, the [Ca2+] 1 level and muscle tension was not changed by DPB treatment on the anococcygeus muscle, which was probably due to an organ difference in phorbol ester-effect, as reported by Karaki (1990) . Thus, anococcygeus muscle may be less involved with a contractile mechanism that is activated by protein kinase C as seen in aorta. (Nishimura et al., 1988 . It was noted that an agonist enhanced a Ca2+-induced tension in the presence of GTP in the experiment using the ƒ¿-toxin-skinned preparation . A similar result was obtained by GTP 7S which activates GTP-binding protein and is not hydrolized , Nishimura et al., 1990 
